In conventional composite construction for buildings and bridges, Hot-Rolled Steel (HRS) 
INTRODUCTION
The application of Cold-Formed Steel (CFS) sections started in the United States of America (USA) and Great Britain for quite decades, mainly for non-structural purposes. Although, the use of CFS is expanding in the present era of building constructions [1] . However, in the mid-20th century, the structural use of CFS sections began especially for commercial and industrial building constructions [2, 3] . The use of CFS sections as an alternative material for roof structure keep increasing due to the quality assurance of steel structures [4] . Composite construction using CFS section and concrete began in Europe in the mid-1940s for used as floor system [5] . The composite action is categorized by an interactive behaviour between structural steel and the concrete designed to utilize the best load resistance capability. For the concrete and steel to act compositely, a mechanical means of shear connection must be provided [6] and the most widely used shear connection system is welding of conventional headed studs on the flanges of the steel section to resist the longitudinal shear that will be transferred between concrete slab and the steel section [7] .
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CFS sections are used with concrete as composite structural component as applied to Hot Rolled Steel (HRS) section, and the resulting performances were found to be encouraging. CFS structural members have several benefits over their conventional counterpart HRS, such as lightness, reduced thickness, high strength and stiffness, accurate detailing, non-shrinking and non-creeping at ambient temperature, non-combustibility, fast and easy erection, ease of fabrication and mass production and easy to install [8] . However, with the advantages demonstrated by CFS for use in composite construction, welding of the conventional headed shear studs is not feasible [9] . Therefore, the development of feasible shear connector to be compatible with the CFS section and the concrete as a composite entity is of paramount significance. The use of CFS sections in composite with concrete is still very few reported.
However, a number of studies reported on the use of CFS section with concrete and different types of shear connectors in composite construction.
Irwan, et al. [10] ; Irwan, et al. [11] ; Irwan, et al. [12] studied shear transfer enhancement in steel and concrete composite beam system using CFS section. In the study, shear transfer enhancement of bent-up triangular tab shear transfer (BTTST) were created on the flanges of the CFS section to provide the shear connection mechanism. Varied in the study and their influence investigated were dimension and angle of BTTST, concrete compressive strength and CFS section thickness. Push-out and full-scale specimens were fabricated and tested to establish the strength and ductility of the shear transfer enhancement and flexural capacity of the composite beam specimens. The results showed that the ultimate capacity of specimens employed with BTTST significantly increased with an increase in the angle and dimension of the BTTST, thickness of the CFS beam and concrete compressive strength. They concluded that better performance in the ultimate resistance was provided by BTTST shear enhancement.
Alenezi, et al. [13] conducted push-out test on 8 specimens that consisted of CFS lipped channel section assembled with ferrocment jacket. The study was conducted to improve the compressive capability of a CFS composite column by means of shear connection mechanism comprised of bolts (10 mm and 12 mm diameters), self-drilling screw (6.3 mm diameter x 12 mm long) and a bar angle bolt (10 mm diameter). The layers of wire mesh was varied in the study.
The results showed that load carrying capacity of the composite column section increased as the
size of the shear connector and number of the wire mesh layer were increased from 2 to 4 and to 6; with better results obtained with 12 mm diameter bolt connector. From their findings it can be categorically observed that the size and number of mesh layers influenced the ultimate load carrying capacity of the composite section. They concluded that experimental results agreed well when compared with simulated results by finite element modelling. In this paper, the use of CFS channel lipped section is reported with variety of bolted shear connectors to investigate the influence of shear connector size on ultimate strength capacity. Therefore, this paper highlighted on the use of high strength bolted shear connectors in composite construction with CFS, specifically the M14 bolt connector as it was not established based on cited literatures.
METHODOLOGY

Push-Out Test
Eight push-out specimens were fabricated by orienting the CFS back-to-back to form an Isection beam, using self-drilling screws of 5. 
Test Set Up, Instrumentation and Procedure
The push-out test set-up is shown in Fig. 2 , and all specimens were tested in the same manner. Each specimen was placed on 3mm thick plywood and on a steel section (800mm x 800mm x 50mm thick) to properly bed the concrete slabs. A restrain of an angle steel iron of 2000mm length and 10mm thick was provided to hinge the movement of the test sample when the load was applied from the Jack machine. The capacity of the Jack machine load cell was 2000 kN and it was applied on the upper vertical side of the CFS beam section. Each specimen was equipped with two linear variable displacement transducers (LVDT's) on the sides of the CFS beam section to monitor the vertical slip between the concrete and the CFS section. The load cell and the LVDT's were connected to a data logger for data collection and subsequent analysis. The load was applied at a constant rate of 0.2 kN/s up to 40% of the predicted failure load. The loading was cycled three times (loading and unloading) between 5% and 40% of the expected failure load. After the cyclic loading, the load was then applied until failure occurred. The loading was stopped when a drop of 20% from the maximum load of the specimen occurred or the specimen failed to resist any additional load as stated in. 
RESULTS AND DISCUSSIONS
The push-out test result is presented in Table 1 . Fig. 3 (a-h) shows the load-slip relationships of tested specimens. The failure modes experienced by the tested specimen can be The failure modes of specimens with 8 numbers M16 bolted shear connectors could be attributed to cracks developed on the surface and underneath the concrete slabs. The cracks became moderately larger at underneath the concrete slabs as the applied load was increased which resulted to the crushing of concrete and subsequent flange buckling of CFS section (Fig. 4   (a-d) . The flange buckling of CFS occurred due to high stress from the applied load at the ultimate load level. Failure loads recorded per shear connector were 62.14 kN and 62.06 kN, for specimens PS8-30-16 and PS8-25-16 respectively. For specimen with 4 number M16 bolted shear connector (S4M16) the failure modes initiated with observance of minor cracks on the slab surface. At the ultimate load level, crushing of concrete underneath the slab was observed (Fig. 5   (a-c) ). The CFS flange buckling failure was not observed. The recorded load per shear connector was 91.27 kN.
For specimens with 8 numbers M14 bolted shear connector, the failure observed in this category of test specimens were almost similar to that suffered by the specimens with M16 bolted shear connector. A part from cracks on the concrete slab surface, crushing of concrete was also noticed in the specimens. Failure due to CFS flange buckling was observed at the ultimate load level (Fig. 6 (a-d) ). The recorded load at failure of the test specimens were 61.94 kN and 54.38 kN for specimens PS8-30-14 and PS8-25-14 respectively. But, for specimen with 4 numbers M14 bolted shear connector (S4M14), the failure observed was crushing of concrete slab with a recorded failure load at ultimate load level of 71.52 kN (Fig. 7) . Failure modes of specimens with M12 bolted shear connector was attributed to connector sheared-off (Fig. 8) . However, the specimens demonstrated a remarkable resistance capacity of 44.06 kN and 43.38 kN per shear connector for specimens PS8-30-12 and PS8-25-12 respectively. Neither cracks nor crushing of concrete slab were observed on the test specimens in this category. Influence of shear connector size was investigated and the results are shown in Table 2 . From Table 2 , it could be observed that PS8-30-16 is 0.3% and 41% higher in strength than PS8-30-14 and PS8-30-12, respectively.
Again, PS8-25-16 is 14% and 43% higher than PS8-25-14 and PS8-25-12 respectively. Between PS8-30-14 and PS8-30-12 an increase of 41% is observed, and between PS8-25-14 and PS8-25-12 an increase of 25% is noted. But, an increase of 28% is registered between S4M16 and S4M14
specimen.
An increase of 41% and 25% is observed between PS8-30-14 and PS8-30-12, and between PS8-25-14 and PS8-25-12 respectively. Although, not much difference is observed between specimens with 8 numbers shear connectors of M16 and M14 in terms of the ultimate capacity. This is due to the buckling failure that occurred on the CFS flange. However, experimental results were compared with theoretical results based on Eurocode 4, and good agreement was achieved as shown in Table 1 . Therefore, it could be deduced from the various increase in ultimate strength that shear connector size has significantly influenced the strength capacity of the specimens. 
CONCLUSION
From the results of the experimental tests, the following conclusions can be drawn.
1. Failure modes of test specimens with 8 number shear connectors were attributed to concrete cracks on slabs, crushing of concrete slabs underneath and then tailed by CFS flange buckling at ultimate load level.
2. Failure modes of specimens with 4 number shear connectors were crushing of concrete slabs from underneath, and no CFS flange buckling failure was observed.
3. Mode of failure exhibited by specimens with M12 bolted shear connectors was shearedoff of connector at the ultimate load level, neither concrete cracks nor crushing were observed.
4. All bolted shear connectors used demonstrated good ultimate strength resistance capacity.
5. All bolted shear connectors used could be classified as ductile connectors as they attained a characteristics slip capacity of more than the recommended value of 6 mm by Eurocode 4, with the exception of that of specimen PS8-30-12 which attained 6 mm as the recommended value.
6. Good agreement was achieved between experimental and theoretical results of specimens with 8 number shear connectors with a ratio range of 0.97 to 1.42.
7. It was observed that shear connector size remarkably influenced the ultimate load carrying capacity of the specimens. 
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